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Abstract
● AIM: To investigate the relationship between near point 
of convergence (NPC) and mild cognitive impairment (MCI) 
in the general elderly population.
● METHODS: The present report is a part of the Tehran 
Geriatric Eye Study (TGES): a population-based cross-
sectional study conducted on individuals 60 years of age 
and above living in Tehran, Iran using the multi-stage 
stratified random cluster sampling method. Cognitive status 
was assessed using the Persian version of the Mini-Mental 
State Examination (MMSE). All study participants underwent 
complete ocular examination including measurement of 
uncorrected and best-corrected visual acuity, objective and 
subjective refraction, cover testing, NPC measurement, and 
slit-lamp biomicroscopy. 
● RESULTS: The data of 1190 individuals were analyzed 
for this report. The mean age of the participants analyzed 
was 66.82±5.42 (60-92y) and 728 (61.2%) of them 
were female. Patients with MCI had a significantly more 
receded NPC compared to subjects with normal cognitive 
status (10.89±3.58 vs 7.76±2.71 cm, P<0.001). In the 
multivariable logistic regression model and in the presence 
of confounding variables, a receded NPC was statistically 
significantly associated with an increased risk of MCI (odds 
ratio: 1.334, 95% confidence interval: 1.263 to 1.410, 
P<0.001). According to receiver operating characteristic 

(ROC) analysis, a cut point NPC> 8.5 cm (area under the 
curve: 0.764, P<0.001) could predict the presence of 
MCI with a sensitivity and specificity of 70.9% and 69.5%, 
respectively. 
● CONCLUSION: A receded NPC can be clinically proposed 
as a predictor of MCI in older adults. It is recommended 
that elderly with a receded NPC>8.50 cm undergo detailed 
cognitive screening for a definite diagnosis of MCI. In this 
case, the necessary interventions can be carried out to slow 
down MCI progression to dementia. 
● KEYWORDS: near point of convergence; mild cognitive 
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INTRODUCTION

C ognitive impairment is described as the decline of one 
or more cognitive domains and is classified into mild 

cognitive impairment (MCI) and dementia depending on 
the severity[1]. The MCI is characterized as a transition stage 
between cognitive changes of normal aging process and early 
dementia without significant impacts on activities of daily 
living[2]. The MCI prevalence in older adults aged above 60y 
has been reported between 5.13% and 29.9% depending on the 
diagnostic criteria and the studied population demographics, 
with an annual incidence of 3.2–104.6 per 1000 individuals[3]. 
According to previous studies, MCI patients deteriorate to 
dementia usually Alzheimer’s disease (AD) at an annual rate of 
10%-15%, and about 80% develop AD after 6y[4-5]. Cognitive 
impairment leads to serious consequences such as social 
isolation, increased risk of mortality, and reduced quality of 
life[6-7]. Moreover, cognitive impairment imposes a significant 
economic burden on societies and patients’ families[8]. Timely 
diagnosis of cognitive impairment is crucial for interventions 
to prevent or slow its progression[9]. Although there is currently 
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no approved pharmaceutical treatment for cognitive impairment, 
some measures such as the use of cholinesterase inhibitors[10], 
physical exercise[11], cognitive rehabilitation[12], social 
engagement[13], nutritional and antioxidant supplements[14], and 
managing modifiable risk factors (e.g., diabetes, hypertension, 
overweight, smoking)[15] have shown promising results 
in controlling the progression of MCI to dementia. The 
MCI diagnosis is mainly based on the patient’s history and 
cognitive examination via some questionnaires particularly 
Montreal Cognitive Assessment (MoCA) and Mini-Mental 
State Examination (MMSE)[16]. Although these questionnaires 
are well-known tools for cognitive assessment, they have 
limitations. These are subjective instruments highly dependent 
on the quality of patient’s responses and their application in 
geriatrics may be difficult due to poor motivation, lack of 
cooperation, and poor literacy[16]. In addition, these tools are 
primarily used in research studies and have limited use in 
routine health-related examinations for the elderly. Therefore, 
it would be helpful to find simple and preferably objective 
routine clinical methods to help identify MCI. 
Near point of convergence (NPC) refers to the maximum 
convergence capability of the eyes and consists of four distinct 
elements including tonic convergence, proximal convergence, 
accommodative convergence, and fusional convergence[17]. 
A receded NPC is the most important clinical sign used by 
optometrists to diagnose convergence insufficiency; the 
most prevalent binocular vision anomaly, especially in the 
elderly population[17]. There is some evidence in the literature 
indicating a receded NPC could be related to an increased risk 
of cognitive impairment in especial groups such as patients 
with Parkinson’s disease (PD) and those with sport-related 
concussion[18-20]. To the best of our knowledge, there is no 
population-based study on the relationship between NPC and 
cognitive impairment in the elderly population. Some theories 
can be proposed for this relationship, including common 
pathogenesis, sensory deprivation caused by diplopia, and 
avoiding visual activities that stimulate cognitive performance. 
So, the present report aimed to evaluate this relationship in a large 
population-based sample of the Iranian elderly population. 
SUBJECTS AND METHODS
Ethical Approval  This study followed the tenets of the 
Declaration of Helsinki. The study protocol was approved by 
the Ethics Committee of Iran University of Medical Sciences 
(ethics code: IR.IUMS.REC.1400.858). Written informed 
consent was obtained from all participants. 
Study Design, Sampling, and Preliminary Evaluation  This 
report relates to a large cross-sectional population-based study 
(Tehran Geriatric Eye Study) conducted using a stratified 
random cluster sampling on elderly residents of Tehran (the 
capital of Iran) aged 60y and above in 2019. Tehran’s twenty-

two municipal districts were defined as strata, and the census 
population ≥60y in different districts was inquired from the 
Iranian Statistics Center. Next, we prepared the block maps of 
districts and each block was defined a cluster. A total of 160 
clusters (each cluster contained 20 people) were randomly 
selected from 22 districts in a proportional to size manner. 
After the desired clusters were identified, a sampling team 
visited their addresses and the first house on southwest sector 
of each cluster (block) was selected as the cluster head; the 
next households were selected through a counterclockwise 
movement. During sampling process, all individuals ≥60y 
were invited to the study. The study goals were fully elaborated 
to all invitees and they were assured of the data confidentiality. 
If a person desired to participate, we obtained informed 
consent, and an ID card was issued. This process continued 
until the required sample size was completed in each cluster. 
The participants were transported to the examination site free 
of charge within a pre-determined day. 
Once the study participants presented to the examination 
site, information on education level, living status, history of 
systemic and ocular diseases, history of stroke, previous ocular 
surgery, use of systemic and ocular medications, and health-
related behaviors including smoking were collected through 
a preliminary interview. In the next step, the body mass index 
(BMI) was calculated following measurements of weight and 
height using the formula: weight (kg)/height (m)2. The blood 
pressure was measured using sphygmomanometry (OMRON, 
HEM-2228-E, Kyoto, Japan) and blood samples were taken for 
laboratory tests to measure glycosylated hemoglobin (HbA1c) 
and cholesterol levels.
Cognitive Evaluation  Cognitive performance was evaluated 
using the Persian version of the MMSE questionnaire. The 
MMSE is a well-known and common screening test for general 
cognitive evaluation whose validity and reliability have been 
confirmed by various studies[21]. This questionnaire consists 
of 11 items evaluating major cognitive domains, including: 
orientation to time (question 1; 5 points), orientation to place 
(question 2; 5 points), registration (question 3; 3 points), 
attention and calculation (question 4; 5 points), recall (question 
5; 3 points), language (question 6; 2 points, question 7; 1 
point, question 8; 3 points, question 9; 1 point, question 10; 1 
point), and copying (question 11; 1 point). The questionnaire’s 
total score would range from 0 to 30, with a lower score 
representing more severe impairment. The scores ≥24 points 
are considered “normal” cognitive performance, whereas 
scores below this indicate MCI (18 to 23 points), or severe 
cognitive impairment (0 to17 points)[22-23]. 

Ocular Examination  Uncorrected and presenting distance 
visual acuities (UCVA and PVA) were measured using an 
electronic chart (Smart LC 13, Medizs Inc., Korea) at 6 m, 
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followed by objective refraction using an auto-refractometer/
keratometer (ARK-510A, Nidek Co. 42 LTD, Aichi, Japan), 
and subjective refraction to obtain optimal distance refractive 
correction and the best-corrected distance visual acuity 
(BCVA). Near subjective refraction was also performed to 
determine the power of near addition lenses. The binocularity 
was checked using cover/uncover and alternating cover tests 
at far (6 m) and near (40 cm), respectively and any motor 
deviation (heterotropia or heterophoria) was detected and 
measured using an alternating prism cover test. The cover test 
at near was performed with the near addition lenses in place. 
In the next step, the NPC was tested through near refractive 
correction (distance correction+addition lenses). The target 
used was a single character on the near acuity chart one 
line above the BCVA in the worse eye. The target slowly 
approached the participant along the midline from a 50 cm 
distance at a rate of 1-2 cm/s. The subject was asked to try 
to keep the target single as much as possible and to report 
whenever the target became sustainably double (could not 
recovered to single with further effort). At the point where 
the examinee reported sustained diplopia or the examiner 
noticed binocular fusion loss, the target’s distance was 
accurately measured from the spectacle plane using a 50 cm 
ruler and recorded as NPC. To improve the test reliability, 
the measurement was performed five times and the mean of 
five measurements was recorded as the final result. Finally, 
all study subjects underwent slit-lamp examination (B900, 
Haag-Streit AG, Bern, Switzerland) by an ophthalmologist. 
Examination of the posterior segment was performed using a 
+90 diopter lens. 
Exclusion Criteria  Exclusion criteria were BCVA worse 
than 20/30 in either eye, heterotropia, amblyopia, history 
of intraocular surgery such as cataract or retinal surgery, 
any ocular disease affecting binocularity, a history of ocular 
trauma, use of ocular or systemic drugs affecting binocularity, 
previous diagnosis of dementia and its causes (e.g., PD, AD), 
severe cognitive impairment (MMSE score <18), and missing 
data.
Definitions  The MCI was defined as an MMSE score 
between 18 and 23[22-23]. Diabetes mellitus (DM) diagnostic 
criteria were the participant’s self-report, use of hypoglycemic 
medication, or HbA1c≥6.5%[24]. The diagnostic criteria of 
systemic hypertension (HTN) were the participant’s self-
report, use of HTN medication, or systolic blood pressure 
≥140 mm Hg and/or diastolic blood pressure ≥90 mm Hg[25]. 
Hypercholesterolemia (HC) was defined based on the self-
report, use of cholesterol-lowering medication, or a blood total 
cholesterol level > 200 mg/dL[26]. Smoking at least one cigarette 
per day for at least the last 6mo was defined as current smoking.
Statistical Analysis  Statistical Package for the Social 

Sciences (SPSS) version 26 was used for statistical analysis. 
The cluster sampling effect was considered for confidence 
interval calculation. We applied simple, age and sex-adjusted, 
and multivariable-adjusted logistic regression models to 
investigate the relationship between NPC (exposure) and 
MCI (outcome), and reported the odds ratios (ORs) with 95% 
confidence interval (CI) values. The potential confounders 
considered based on the literature were age, sex, BMI, DM, 
HTN, history of stroke, current smoking, HC, education 
level (years of education), living status (living alone and 
not living alone), refractive error, and PVA in the better 
eye. The real confounding variables in the dataset were 
identified using manual backward multiple logistic regression 
analysis with P>0.20 as a criterion for elimination from the 
model. The discriminate ability of the NPC between MCI 
and normal cognitive performance was assessed using the 
receiver operating characteristic (ROC) curve analysis and 
the area under the curve (AUC). Moreover, the sensitivity and 
specificity were calculated by setting an optimal threshold 
using the ROC analysis. P values less than 0.05 were 
considered statistically significant.
RESULTS
Of the 3791 people invited, 3310 participated in the Tehran 
Geriatric Eye Study (response rate: 87.3 percent). The data of 
1190 individuals were analyzed in this report after applying 
the exclusion criteria. The reasons for exclusion were BCVA 
worse than 20/30, amblyopia or ocular disease: 585, history 
of ocular trauma: 22, strabismus: 115, history of intraocular 
surgery: 751, use of drugs affecting binocularity: 44, physical 
inability to comply with testing: 9, previous diagnosis of 
dementia or severe cognitive impairment (MMSE score<18): 
294, and missing data: 300. The mean age of the participants 
analyzed was 66.82±5.42 (60-92y) and 728 (61.2%) of them 
were female.
Table 1 presents the sample characteristics based on cognitive 
status. According to Table 1, patients with MCI were 
significantly older and had a higher BMI, a higher prevalence 
of DM, a lower education level, worse PVA in the better eye, 
and less hyperopic spherical equivalent refraction compared 
to those with normal cognitive performance (all P<0.05). 
History of stroke was significantly more prevalent in people 
without MCI compared to those with MCI (P=0.006). 
Moreover, patients with MCI had a significantly more receded 
NPC compared to subjects with normal cognitive status 
(10.89±3.58 vs 7.76±2.71 cm, P<0.001). 
Table 2 presents the results of the final adjusted backward-
stepwise multiple logistic regression model for the associations 
of potential confounders with MCI. As seen in Table 2, all 
variables maintained in the final model had a P value <0.2 and 
could be considered a real confounder in the dataset. 
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Table 3 shows the simple, age and sex-adjusted, and 
multivariable-adjusted associations of NPC with MCI. In 
the simple and age-sex adjusted models, a receded NPC was 
statistically significantly related to an increased risk of MCI 
(ORs 1.352 and 1.354, 95%CIs: 1.290 to 1.416 and 1.291 
to 1.421, respectively, both P<0.001). In the multivariable-
adjusted model and in the presence of confounding variables, 
the association between NPC and MCI attenuated slightly but 
remained statistically significant (OR: 1.334, 95%CI: 1.263 to 
1.410, P<0.001). 
The results of ROC analysis showed that a cut point NPC> 
8.5 cm (AUC: 0.764, P<0.001) can predict the presence of 
MCI with sensitivity and specificity of 70.9% and 69.5%, 
respectively. Figure 1 illustrates the ROC curve for the 
discriminant ability of NPC between MCI and normal 
cognitive status. 

Table 2 The final adjusted backward-stepwise multiple logistic regression model for the associations of potential 

confounders with mild cognitive impairment

Variable Odds ratio 95% confidence interval P
Age (y) 1.073 1.043 to 1.103 <0.001
Body mass index (kg/m2) 1.031 0.998 to 1.064 0.065
Diabetes mellitus 1.401 1.004 to 1.954 0.047
History of stroke 0.681 0.437 to 1.059 0.088
Education level (y) 0.765 0.735 to 0.796 <0.001
Spherical equivalent refraction (D) 0.878 0.760 to 1.015 0.078

Cox & Snell R square of the model: 0.241.

Table 3 Simple, age and sex-adjusted, and multivariable-adjusted associations of near point of convergence with mild cognitive impairment

Items
Mild cognitive impairment, OR (95%CI); P

Simple model Age-sex adjusted model Multivariable modelc

Near point of convergence 1.352 (1.290 to 1.416); <0.001 1.354 (1.291 to 1.421); <0.001 1.334 (1.263 to 1.410); <0.001
cAdjusting for age, body mass index, diabetes mellitus, history of stroke, education level, and spherical equivalent refraction Cox & Snell R 

square of the multivariable model: 0.318.

Figure 1 Receiver operating characteristic (ROC) curve for the 
discriminant ability of the near point of convergence between 
mild cognitive impairment and normal cognitive performance.

Table 1 Characteristics of the study sample based on cognitive status

Characteristic
No cognitive impairment (n=891) Mild cognitive impairment (n=299)

P
n (%) Mean±SDa n (%) Mean±SD

Age (y) - 66.11± 5.18 - 68.95±5.57 <0.001b

Sex (female) 534 (59.93) - 194 (64.88) - 0.073
Body mass index (kg/m2) - 28.76± 4.91 - 29.80± 4.44 0.001b

Diabetes mellitus 213 (23.90) - 97 (32.44) - 0.002b

Systemic hypertension 226 (25.36) - 65 (21.74) - 0.243
Hypercholesterolemia 238 (26.71) - 84 (28.09) - 0.260
History of stroke 168 (18.85) - 37 (12.37) - 0.006b

Current smoking 134 (15.04) - 34 (11.37) - 0.068
Education level (years of education) - 10.26± 4.60 - 5.15± 3.49 <0.001b

Living status (alone) 82 (9.20) - 30 (10.03) - 0.311
BCVA in the better eye (logMAR) - 0.08± 0.008 - 0.09± 0.009 0.091
PVA in the better eye (logMAR) - 0.19±0.002 - 0.21±0.002 <0.001b

SE of objective refraction in the right eye (D) - 0.71±1.17 - 0.56±1.01 0.045b

Near point of convergence (cm) - 7.76± 2.71 - 10.89±3.58 <0.001b

BCVA: Best-corrected distance visual acuity; PVA: Presenting distance visual acuity; SE: Spherical equivalent; MAR: Minimum angle of resolution. 
aNumber (%) was reported for categorical variables and mean±SD was reported for continuous variables; bStatistically significant (P<0.05).

Near point of convergence and cognitive impairment
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DISCUSSION 
As mentioned earlier, there is some evidence in the literature 
about the relationship between a receded NPC and increased 
risk of cognitive impairment in especial groups. A recent 
study by Holden et al[18], investigated the relationship between 
NPC and cognitive status in patients with PD. The results 
showed that the mean NPC was significantly more receded 
in patients with cognitive impairment (18.4 cm), compared 
to those without cognitive impairment (12.5 cm). Pearce et al[19] 
evaluated the NPC in a sample of athletes after sport-related 
concussion. According to the results, athletes with a receded 
NPC had worse neurocognitive impairment than those with 
normal NPC. In another study performed by Naumann et al[20], 
the presence of diplopia in patients with PD was associated 
with cognitive impairment in visuospatial and visuoperceptive 
function. Since convergence insufficiency with intermittent 
diplopia is a common finding in PD[27], the results of Naumann 
et al’s study[20] can also draw attention to the relationship 
between a receded NPC and cognitive impairment.
To our best knowledge, the present report is the first one 
to investigate the association between NPC and MCI in a 
large sample of the general elderly population. The results 
showed a significant difference in the mean NPC between 
individuals with MCI and those with normal cognitive 
performance (10.89 vs 7.76 cm). Moreover, the relationship 
between NPC and MCI was investigated in a multivariable 
model after adjustment for potential confounders. The results 
of this analysis indicated that a remote NPC is an independent 
predictor of MCI in older adults. 
In general, two hypotheses can be proposed regarding the 
relationship between the NPC and MCI. First, a set of afferent 
and efferent visual pathways located in various parts of the 
nervous system, including the brainstem, subcortical areas, 
frontal eye fields, and posterior-parietal cortical areas, are 
involved in the control of vergence eye movements[28]. Many of 
these nerve centers mutually play an essential role in cognition-
related functions[29]. Therefore, age-related neurodegenerative 
changes in these nerve control centers can simultaneously 
manifest as vergence dysfunction (with receded NPC and poor 
gross convergence) and cognitive impairment. 
The second hypothesis about the relationship between the NPC 
and MCI is the “disuse theory”. There is an active cognitive 
reserve in the nervous system that depends primarily on some 
physiological features such as blood circulation, the number 
of synapses in the nervous system, and neurotransmitters[30]. 
On the other hand, a person’s environmental conditions 
(daily life activities, job, education, etc.) significantly affect 
this active cognitive reserve by influencing neural processes 
and synaptic organization[31]. In fact, cognitive performance 
can be considered as a function of intrinsic physiological 

processes and environmental nurturing activities. According 
to the “disuse” theory, when an individual has a significant 
vision problem, the person’s participation in many physical, 
perceptual, and social activities decreases, and this could 
lead to a reduction in active cognitive reserve and cognitive 
impairment over time[32]. Some evidence in the literature 
confirm this theory, and this theory has been frequently 
suggested for the relationship between visual impairment and 
cognitive impairment[32-34]. Observational studies have found 
that participation in activities that stimulate cognitive function 
(like reading and other near work) reduces the risk of cognitive 
impairment[35-36]. In addition, randomized clinical trials 
have reported that mental training programs and cognitive 
rehabilitation can boost cognitive performance in the elderly[37]. 
Regarding the role of “disuse” theory in the relationship 
between NPC and MCI, it should be said that many binocular 
vision disorders including convergence insufficiency (with 
receded NPC as the most prominent sign) are associated 
with multiple vision-related symptoms including eyestrain, 
headache, diplopia, sleepiness, blurred vision, and difficulty 
concentrating which are referred under the general term of 
asthenopic symptoms[38-39]. The occurrence of these asthenopic 
symptoms can lead a person to avoid performing visual 
activities aggravating these symptoms[40]. Therefore, avoiding 
near visual activities especially reading is commonly found 
in patients with vergence disorders[40] and this may be related 
to an increased risk of cognitive impairment according to the 
disuse theory. 
In general, the association between NPC and MCI could 
be bidirectional; this relationship has important clinical 
implications regardless of its exact etiology. A receded NPC 
can be clinically proposed as a predictor of MCI in the elderly. 
Given the R square values of two multivariable models in the 
presence and absence of the NPC, it can be concluded that 
considering the NPC, in addition to the previously known risk 
factors, can increase the diagnostic ability of MCI by about 
8%. The cutoff found in this study (>8.50 cm) can be used 
with acceptable sensitivity and specificity for this purpose. It 
is recommended that the elderly with a receded NPC>8.50 cm 
undergo detailed cognitive screening for a definite diagnosis 
of MCI. In this case, the necessary interventions can be carried 
out to slow down MCI progression to dementia. On the other 
hand, the results of the present report suggest convergence 
insufficiency as a possible risk factor for MCI. Therefore, 
convergence insufficiency in this age group should not be 
viewed as a simple anticipated binocular vision disorder. The 
importance of this issue is that convergence insufficiency 
has a high prevalence in older adults and in many cases, it is 
considered a normal age-related phenomenon and is not treated 
properly[17]. Future studies are recommended to investigate the 
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relationship between convergence insufficiency and cognitive 
impairment, as well as the effect of convergence insufficiency 
treatment via vision therapy or base-in prism on cognitive 
performance.
The major strengths of the present report are the large 
sample size, population-based design, and robust control of 
confounders. However, this report has limitations. This report 
provides a cross-sectional view of the relationship between 
the NPC and MCI, and it is not possible to determine whether 
cognitive impairment occurred concurrently with or secondary 
to vergence dysfunction. We only used a single global 
cognitive test rather than a variety of specific tests measuring 
different domains of cognition. Another limitation is the lack 
of data on other sensory deprivations like hearing impairment 
that may also be related to cognitive impairment. It is 
recommended that the relationship between NPC and cognitive 
impairment be investigated in other populations considering 
the limitations of the present study.
ACKNOWLEDGEMENTS
Foundation: Supported by Iran University of Medical 
Sciences (IUMS). 
Conflicts of Interest: Doostdar A, None; Hashemi H, None; 
Nabovati P, None; Asharlous A, None; Khabazkhoob M, 
None.
REFERENCES

1 Han FY, Luo CJ, Lv DJ, Tian L, Qu CQ. Risk factors affecting cognitive 

impairment of the elderly aged 65 and over: a cross-sectional study. 

Front Aging Neurosci 2022;14:903794.

2 Bruderer-Hofstetter M, Sikkes SAM, Münzer T, Niedermann K. 

Development of a model on factors affecting instrumental activities of 

daily living in people with mild cognitive impairment - a Delphi study. 

BMC Neurol 2020;20(1):264.

3 Overton M, Pihlsgård M, Elmståhl S. Prevalence and incidence of mild 

cognitive impairment across subtypes, age, and sex. Dement Geriatr 

Cogn Disord 2019;47(4-6):219-232.

4 Anderson ND. State of the science on mild cognitive impairment (MCI). 

CNS Spectr 2019;24(1):78-87.

5 Monfared AAT, Byrnes MJ, White LA, Zhang QW. Alzheimer’s disease: 

epidemiology and clinical progression. Neurol Ther 2022;11(2):553-569.

6 Hussenoeder FS, Conrad I, Roehr S, et al. Mild cognitive impairment 

and quality of life in the oldest old: a closer look. Qual Life Res 2020; 

29(6):1675-1683.

7 Panza F, Lozupone M, Solfrizzi V, et al. Different cognitive frailty 

models and health- and cognitive-related outcomes in older age: from 

epidemiology to prevention. J Alzheimers Dis 2018;62(3):993-1012.

8 Orgeta V, Mukadam N, Sommerlad A, Livingston G. The Lancet 

Commission on Dementia Prevention, Intervention, and Care: a call for 

action. Ir J Psychol Med 2019;36(2):85-88.

9 Sabbagh MN, Boada M, Borson S, et al. Rationale for early diagnosis 

of mild cognitive impairment (MCI) supported by emerging digital 

technologies. J Prev Alzheimers Dis 2020;7(3):158-164.

10 Xu H, Garcia-Ptacek S, Jönsson L, Wimo A, Nordström P, Eriksdotter 

M. Long-term effects of cholinesterase inhibitors on cognitive decline 

and mortality. Neurology 2021;96(17):e2220-e2230.

11 Biazus-Sehn LF, Schuch FB, Firth J, Stigger FS. Effects of physical 

exercise on cognitive function of older adults with mild cognitive 

impairment: a systematic review and meta-analysis. Arch Gerontol 

Geriatr 2020;89:104048.

12 Irazoki E, Contreras-Somoza LM, Toribio-Guzmán JM, Jenaro-Río 

C, van der Roest H, Franco-Martín MA. Technologies for cognitive 

training and cognitive rehabilitation for people with mild cognitive 

impairment and dementia. A systematic review. Front Psychol 

2020;11:648.

13 Zhou Z, Mao FZ, Han YF, Fu J, Fang Y. Social engagement and 

cognitive impairment in older Chinese adults: the mediating role of 

psychological well-being. J Aging Health 2020;32(7-8):573-581.

14 Vlachos GS, Scarmeas N. Dietary interventions in mild cognitive 

impairment and dementia. Dialogues Clin Neurosci 2019;21(1):69-82.

15 Guo Y, Xu W, Liu FT, Li JQ, Cao XP, Tan L, Wang J, Yu JT. 

Modifiable risk factors for cognitive impairment in Parkinson’s 

disease: a systematic review and meta-analysis of prospective cohort 

studies. Mov Disord 2019;34(6):876-883.

16 Abd Razak MA, Ahmad NA, Chan YY, Mohamad Kasim N, Yusof M, 

Abdul Ghani MKA, Omar M, Abd Aziz FA, Jamaluddin R. Validity 

of screening tools for dementia and mild cognitive impairment among 

the elderly in primary health care: a systematic review. Public Health 

2019;169:84-92.

17 Hashemi H, Nabovati P, Yekta A, Aghamirsalim M, Rafati S, 

Ostadimoghaddam H, Razmjoo H, Khabazkhoob M. Convergence 

insufficiency in the geriatric population. Optom Vis Sci 2021;98(6): 

613-619.

18 Holden SK, Van Dok E, Pelak VS. Co-occurrence of convergence 

insufficiency and cognitive impairment in parkinsonian disorders: a 

pilot study. Front Neurol 2019;10:864.

19 Pearce KL, Sufrinko A, Lau BC, Henry L, Collins MW, Kontos 

AP. Near point of convergence after a sport-related concussion: 

measurement reliability and relationship to neurocognitive impairment 

and symptoms. Am J Sports Med 2015;43(12):3055-3061.

20 Naumann W, Gogarten J, Schönfeld S, Klostermann F, Marzinzik 

F, Schindlbeck KA. Diplopia in Parkinson’s disease: indication of a 

cortical phenotype with cognitive dysfunction? Acta Neurol Scand 

2021;144(4):440-449.

21 Van Patten R, Britton K, Tremont G. Comparing the Mini-Mental 

State Examination and the modified Mini-Mental State Examination 

in the detection of mild cognitive impairment in older adults. Int 

Psychogeriatr 2019;31(5):693-701.

22 Yu HT, Liu YC, He BR, He T, Chen CY, He JH, Yang XF, Wang JZ. 

Platelet biomarkers for a descending cognitive function: a proteomic 

approach. Aging Cell 2021;20(5):e13358.

23 Jang AR, Yoon JY. Factors affecting reversion from mild cognitive 

Near point of convergence and cognitive impairment



629

Int J Ophthalmol,    Vol. 16,    No. 4,  Apr.18,  2023         www.ijo.cn
Tel: 8629-82245172     8629-82210956      Email: ijopress@163.com

impairment to normal cognition in midlife to later life in Korea: a 

national population study. Geriatr Gerontol Int 2019;19(11):1129-1135.

24 Myhre PL, Lyngbakken MN, Berge T, et al. Diagnostic thresholds for 

pre-diabetes mellitus and diabetes mellitus and subclinical cardiac 

disease in the general population: Data from the ACE 1950 study. J 

Am Heart Assoc 2021;10(11):e020447.

25 Flack JM, Adekola B. Blood pressure and the new ACC/AHA 

hypertension guidelines. Trends Cardiovasc Med 2020;30(3):160-164.

26 Real JP, Rossetti CA, Vargas AM, Jimenez-Kairuz A, Robledo JA. 

Hypercholesterolaemia screening: proposal for development of a 

new professional pharmaceutical service. J Pharm Pract Res 2020; 

50(5):418-424.

27 Kwan SCK, Atiya A, Hussaindeen JR, Praveen S, Ambika S. Ocular 

features of patients with Parkinson’s disease examined at a Neuro-

Optometry Clinic in a tertiary eye care center. Indian J Ophthalmol 

2022;70(3):958-961.

28 Quinet J, Schultz K, May PJ, Gamlin PD. Neural control of rapid 

binocular eye movements: Saccade-vergence burst neurons. Proc Natl 

Acad Sci U S A 2020;117(46):29123-29132.

29 Lal V, Truong D. Eye movement abnormalities in movement disorders. 

Clin Park Relat Disord 2019;1:54-63.

30 Alvares Pereira G, Silva Nunes MV, Alzola P, Contador I. Cognitive 

reserve and brain maintenance in aging and dementia: an integrative 

review. Appl Neuropsychol Adult 2022;29(6):1615-1625.

31 Yasuno F, Minami H, Hattori H. Interaction effect of Alzheimer’s 

disease pathology and education, occupation, and socioeconomic 

status as a proxy for cognitive reserve on cognitive performance: in 

vivo positron emission tomography study. Psychogeriatrics 2020; 

20(5):585-593.

32 Varin M, Kergoat MJ, Belleville S, Li G, Rousseau J, Roy-Gagnon 

MH, Moghadaszadeh S, Freeman EE. Age-related eye disease and 

cognitive function. Ophthalmology 2020;127(5):660-666.

33 Nagarajan N, Assi L, Varadaraj V, Motaghi M, Sun Y, Couser 

E, Ehrlich JR, Whitson H, Swenor BK. Vision impairment and 

cognitive decline among older adults: a systematic review. BMJ Open 

2022;12(1):e047929.

34 Shang XW, Zhu ZT, Wang W, Ha J, He MG. The association 

between vision impairment and incidence of dementia and cognitive 

impairment: a systematic review and meta-analysis. Ophthalmology 

2021;128(8):1135-1149.

35 Krell-Roesch J, Syrjanen JA, Vassilaki M, et al. Quantity and quality 

of mental activities and the risk of incident mild cognitive impairment. 

Neurology 2019;93(6):e548-e558.

36 Shimada H, Doi T, Lee S, Makizako H. Reversible predictors of 

reversion from mild cognitive impairment to normal cognition: a 

4-year longitudinal study. Alzheimers Res Ther 2019;11(1):24.

37 Zhang HF, Huntley J, Bhome R, Holmes B, Cahill J, Gould RL, Wang 

HL, Yu X, Howard R. Effect of computerised cognitive training on 

cognitive outcomes in mild cognitive impairment: a systematic review 

and meta-analysis. BMJ Open 2019;9(8):e027062.

38 Porcar E, Montalt JC, Pons ÁM, España-Gregori E. Symptomatic 

accommodative and binocular dysfunctions from the use of flat-panel 

displays. Int J Ophthalmol 2018;11(3):501-505.

39 Hashemi H, Saatchi M, Yekta A, Ali B, Ostadimoghaddam H, 

Nabovati P, Aghamirsalim M, Khabazkhoob M. High prevalence of 

asthenopia among a population of university students. J Ophthalmic 

Vis Res 2019;14(4):474-482.

40 Scheiman M, Wick B. Clinical management of binocular vision: 

Heterophoric, accommodative, and eye movement disorders: fourth 

edition. 2013.


	OLE_LINK242
	OLE_LINK200
	OLE_LINK204
	OLE_LINK236
	OLE_LINK199
	OLE_LINK235
	OLE_LINK241
	_Hlk497904036
	OLE_LINK1
	OLE_LINK2
	_Hlk497904036
	OLE_LINK1
	_Hlk497904036
	_Hlk129092528
	OLE_LINK9
	OLE_LINK10
	OLE_LINK8
	OLE_LINK7
	OLE_LINK19
	OLE_LINK10
	_Hlk121775517
	_Hlk119953696
	_Hlk119953827
	OLE_LINK18
	OLE_LINK19
	OLE_LINK16
	OLE_LINK17
	_Hlk67576982
	_Hlk97195352
	OLE_LINK23
	OLE_LINK2
	OLE_LINK24
	OLE_LINK7
	OLE_LINK4
	OLE_LINK3
	OLE_LINK1
	OLE_LINK6
	OLE_LINK5
	OLE_LINK9
	OLE_LINK10
	OLE_LINK11
	OLE_LINK12
	OLE_LINK13
	OLE_LINK8
	OLE_LINK14
	OLE_LINK15
	OLE_LINK19
	_Hlk108183234
	OLE_LINK3
	OLE_LINK2
	OLE_LINK1
	OLE_LINK16
	OLE_LINK13
	_Hlk16518107
	_Hlk790823
	_Hlk89787106
	_Hlk67576982
	_Hlk97195352
	_Hlk129723057
	_Hlk129703058
	_Hlk130455427
	_Hlk129703283
	OLE_LINK19
	_Hlk108183234
	OLE_LINK1
	OLE_LINK16
	OLE_LINK13
	_Hlk16518107
	_Hlk89787106
	_Hlk128323572
	_Hlk497904036
	_Hlk128257417
	_Hlk128257395
	_Hlk130492244
	_Hlk128253328
	_Hlk128257910
	_Hlk99370625
	_Hlk99357879
	_Hlk99121518
	_Hlk99118199
	_Hlk99300069
	_Hlk99303220
	_Hlk86322165
	_Hlk128255882
	_Hlk130327170
	_Hlk86326978
	_Hlk86326934
	_Hlk99578398
	_Hlk99572844
	_Hlk115966020
	_Hlk99578494
	_Hlk97556527
	OLE_LINK2
	_Hlk97558645
	_Hlk114872261
	_Hlk128255372
	_Hlk99580739
	_Hlk97566151
	_Hlk97388536
	_Hlk99580554
	_Hlk99579735
	_Hlk97395061
	_Hlk97580817
	_Hlk97394669
	_Hlk97399367
	_Hlk97399936
	_Hlk97399983
	_Hlk99581486
	_Hlk102813861
	_Hlk97481152
	_Hlk97495302
	_Hlk97495373
	_Hlk97495386
	_Hlk97496114
	_Hlk97495319
	_Hlk97564533
	_Hlk97556776
	_Hlk97557950
	_Hlk97559834
	_Hlk97564654
	_Hlk97557964
	_Hlk97558330
	_Hlk97558881
	_Hlk99581464
	OLE_LINK4
	_Hlk130316226
	_Hlk115437839
	_Hlk97480485
	_Hlk97480444
	_Hlk97567899
	_Hlk97567950
	_Hlk104594637
	_Hlk99717244
	_Hlk100072206
	_Hlk100069323
	_Hlk100132021
	_Hlk100567449
	_Hlk100074064
	_Hlk128253391
	_Hlk100073911
	_Hlk99717409
	_Hlk128255598
	_Hlk100136216
	_Hlk100136307
	_Hlk100581364
	_Hlk100096305
	_Hlk100606287
	_Hlk100127674
	_Hlk100136002
	_Hlk100129544
	_Hlk114147250
	_Hlk100129507
	_Hlk100136020
	_Hlk100137179
	_Hlk100130404
	_Hlk100135939
	_Hlk100136815
	_Hlk100135423
	_Hlk100175890
	_Hlk100176407
	_Hlk100176504
	_Hlk100176516
	_Hlk100581095
	_Hlk100581150
	_Hlk100584834
	_Hlk100586797
	_Hlk100587077
	_Hlk100587437
	OLE_LINK5
	_Hlk100580567
	_Hlk109816354
	_Hlk100176937
	_Hlk100581631
	_Hlk100589580
	_Hlk127975430
	_Hlk100590078
	_Hlk113740708
	_Hlk100590167
	_Hlk113740634
	_Hlk100581542
	_Hlk100581534
	_Hlk100587599
	_Hlk100590497
	_Hlk100584200
	_Hlk100584221
	_Hlk127976123
	_Hlk100589650
	_Hlk127976950
	_Hlk100859027
	_Hlk113960001
	_Hlk128258132
	_Hlk100605882
	_Hlk100605847
	_Hlk100605874
	_Hlk113741947
	_Hlk100605270
	_Hlk130332268
	_Hlk100605694
	_Hlk113826294
	_Hlk109817463
	_Hlk109817521
	_Hlk110605175
	OLE_LINK1
	_Hlk124107578
	_Hlk110776009
	_Hlk110778256
	_Hlk130163406
	_Hlk128051662
	Organoid-derived human retinal progenitor cells promote early dedifferentiation of Müller glia in RCS rats
	Qiang Guo1,2, Yu-Xiao Zeng1,2, Shu-Dong Huang1,2, Ting Zou1,2, Zheng-Qin Yin1,2

	Identification of a novel mutation in the FGF10 gene in a Chinese family with obvious congenital lacrimal duct dysplasia in lacrimo-auriculo-dento-digital syndrome
	Hong-Yang Zhang1, Chun-Yan Zhang2, Fei Wang1, Hai Tao1, Ya-Ping Tian2, Xi-Bin Zhou1, Fang Bai1, Peng Wang1, Jia-Yi Cui2, Min-Jie Zhang2, Li-Hua Wang1

	Nintedanib induces apoptosis in human pterygium cells through the FGFR2-ERK signalling pathway
	Yan Gong1, Yan-Hong Liao1, Quan-Yong Yi1, Meng Li2, Li-Shuang Chen1, Yan-Yan Wang1

	Role of apigenin in high glucose-induced retinal microvascular endothelial cell dysfunction via regulating NOX4/p38 MAPK pathway in vitro
	Li-Li Liu, Zhi-Yi Zhao

	4D label-free proteomic analysis of vitreous from patients with rhegmatogenous retinal detachment
	Qiu-Yi Huo1, Meng-Chao Zhu1, Wen-Chao Yang2, Yi-Peng Wang2, Song Chen3

	Primary lacrimal sac lymphoma: a case-based retrospective study in a Chinese population
	Fang Bai, Hai Tao, Xi-Bin Zhou, Fei Wang, Peng Wang, Li-Hua Wang, Hong-Yang Zhang

	Preliminary study on the efficacy of lacrimal duct reconstruction with pedicled conjunctival flap in the treatment of severe lacrimal canalicular obstruction with conjunctivochalasis
	Gao-Xiang Ouyang1, Fang Bai2, Hai Tao2

	Treatment of corneal dermoid with lenticules from small incision lenticule extraction surgery: a surgery assisted by fibrin glue
	Jiao-Lian Liu1, Jia-Yue Ji1, Qing Ye1,2, Liu-Qing Wei1,3, Xin Zhong1, Lin-Zhi Jiang1, Jing Zeng1

	Axial length, vitreoretinal pathology, and anterior chamber depth can predict postoperative refractive outcomes in phacovitrectomy/silicone oil removal 
	Xu Chen1,2, He Zhao1,2, Jia-Yun Ren1,2, Lu Wang1,2, Jun-Li Wan1,2, Bo Liu1,2, Nan Wu1,2, Xi Liu1,2, Yong Liu1,2

	Influencing factors of fear of falling among glaucoma patients in west China: a cross-sectional study
	Jie Ren, Xin Zhang, Hong Lin, Ji-Hong Zeng

	Comparison of anterior segment parameters of the eye between type 2 diabetic with and without diabetic retinopathy and non-diabetic
	Foroozan Narooie-Noori1, Amir Asharlous1, Ali Mirzajani1, Ebrahim Jafarzadehpur1, Mehdi Behnia2, Mehdi Khabazkhoob3 

	Detection of macular ganglion cell complex loss and correlation with choroidal thickness in chronic and recurrent central serous chorioretinopathy
	Yang-Chen Liu1,2, Bin Wu1,2, Yan Wang1,2,3, Song Chen1,2

	Development of Knowledge, Attitude and Practice Questionnaire for age-related macular degeneration patients
	Mohd Harimi Abd Rahman1, Prashanti Amirtharatnam1, Sharanjeet Sharanjeet-Kaur1, Sumithira Narayanasamy2, Hanif Farhan Mohd Rasdi3, Mae-Lynn Catherine Bastion4

	Assessment of the effects of induced anisometropia on binocularity with glasses-free 3D technique
	Xu-Bo Yang1,2, Wei-Dong Huang2, Yong-Chuan Liao1

	A 3-month comparison study of subjective and objective visual quality of small incision lenticule extraction and transepithelial photorefractive keratectomy in patients with low and moderate myopia
	Li-Xiang Wang1, Xiao-Li Wang1,2, Jing Tang1, Ke Ma1, Hong-Bo Yin1, Ying-Ping Deng1

	Accuracy between clinical and radiological diagnoses compared to surgical orbital biopsies
	Audrey Tang 1, Helen Hoi-Lam Ng 1, Taras Gout 2, Bernard Chang 2, Nabil El-Hindy 2, George Kalantzis2

	Receded near point of convergence as a predictor of mild cognitive impairment in the general geriatric population: results from a population-based study
	Asgar Doostdar1, Hassan Hashemi2, Payam Nabovati1, Amir Asharlous1, Mehdi Khabazkhoob3

	Initial medication adherence in newly diagnosed glaucoma patients: three adherence measures
	Joana Menino1, Pedro Camacho2,3,4, André Coelho2

	Magnetic resonance imaging assessment of the lateral geniculate nucleus volume and height in patients with glaucoma: a Meta-analysis
	Hai-Jian Hu, Yi-Li Chang, Yang-Yang Dai, Yu-Lin Yu, Xu Zhang

	Recent progress in N6-methyladenosine modification in ocular surface diseases
	Wei Wang, Jun Zou

	Combined aqueous misdirection and persistent choroidal effusions following implantation of a Preserflo Microshunt
	Huzaifa Malick1, Craig Wilde2, Richard E Stead2

	Refractory intraocular hypertension after dexamethasone-implant intravitreal injection treated with Preserflo microshunt implantation
	Lucas Sejournet1, Amina Rezkallah1, Olivier Loria1, Laurent Kodjikian1,2, Thibaud Mathis1,2, Philippe Denis1 

	Secondary in-the-bag intraocular lens implantation combined with 120- and 360-degree goniotomy in glaucoma following congenital cataract surgery: a case report
	Yu Zhang, Yue Zhou, Yun-He Song, Xiu-Lan Zhang, Wei-Rong Chen

	Subretinal recombinant human tissue plasminogen activator injection using a 41G needle for the management of submacular hemorrhages: a 3-case report
	Dan Jiang1, Zhi-Xiang Hu1, Xiao-Ling Yang1, Qi-Fei Shang2, Rong-Han Wu1

	A description of ophthalmic management of late recovered facial paralysis with patient-tailored procedures: a case report
	Hui-Na Zhang, Jia-Jun Xie, Qi Gao, Juan Ye


